Soxhlet Extraction. Following CNC extraction, the presence of impurities at the CNC surface was investigated by purifying ca. 1 g of freeze dried material via soxhlet extraction according to Labet and Thielemans.
solution (3:1 concentrated sulfuric acid to hydrogen peroxide) for 30 min, followed by continuous rinsing with purified water and drying by a stream of N 2 gas. Film thicknesses were controlled by varying the CNC suspension concentration between 1 and 3 wt.%. Following spin 0 Electronic Supplementary Material (ESI) for Nanoscale. This journal is © The Royal Society of Chemistry 2016
Supporting Information coating, films were annealed at 80˚C for 8 hours (overnight). Films were then gently rinsed with purified water and annealed again for 8 hours. We believe that this procedure removes loosely bound surface CNCs and helps to eliminate radial ordering of CNCs which may occur during spin coating (as evidenced by AFM imaging).
X-Ray Photoelectron Spectroscopy (XPS). CNC spin coated films and freeze dried material
were analyzed by XPS. XPS spectra were recorded using a Physical Electronics (PHI) Quantera II spectrometer equipped with a Al anode source for X-ray generation and a quartz crystal monochromator for focusing the generated X-rays. A monochromatic Al K-α X-ray (1486.7 eV) source was operated at 50W 15kV. The system base pressure was no higher than 1.0 x 10-9 Torr, with an operating pressure that did not exceed 2.0 x10-8 Torr. A pass energy of 280 eV was used to obtain all survey spectra and 26 eV was used for Carbon high resolution data and 55 eV for all other high resolution data. All spectra were obtained at 45˚ take off angles, and a dual beam charge compensation system was used for neutralization of all samples. The instrument was calibrated using a sputter-cleaned piece of Ag, where the Ag 3d5/2-peak had a binding energy of 368.3 ± 0.1 eV and full width at half maximum for the Ag 3d-5/2 peak was at least 0.52 eV.
Data manipulation was performed using PHI MultiPak Version 9.4.0.7 software. Table S1 : X-ray photoelectron spectroscopy (XPS) carbon composition from deconvoluted high resolution C1 peak for raw and extracted CNC material prepare by spin coating and freeze drying.
Carbon Composition from Deconvoluted C1 Peak (%) Preparation
State Figure S3 : SPR curve and layer parameters for fit of a dry CNC film in air. 
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DLVO Calculations
Repulsive parallel ( ) and crossed ( ) interaction energies were calculated following Buining et al. [5] 
where is the number density of ions calculated for a monovalent salt in ultra pure water (1 × 10 -7 M), is the Boltzmann constant, is temperature, is the Debye length, and are the radius and length of the CNC respectively, is the particle spacing, is the charge of an electron and is the CNC surface potential (-18 mV Ref. [6] ).
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Attractive van der Waals potentials ( ) were calculated from Israelachvili. [7] = -12 2 3/2( 1 2
Where is the Hamaker constant (8 × 10 -21 J Ref. [8] ) and for CNCs .
The parallel and crossed conformations were averaged and used to calculate the total potential:
= +
The effect of altering the ionic strength (0.5 M and 1 M) and particle surface potential (-20 mV, -30 mV and -50 mV) are presented in Figure S7 and Figure S8 respectively. The ionic strength of the film was determined to be 350 mM based on the sulfur content of the CNC particles and the volume percent (~35%) of water with the film. Additionally, we assume only the counter ions are mobile within the film as the sulfate esters are chemically bound to the CNC surface. The particle surface potential has a significant impact on the calculated interaction energy. Experimentally this value for CNCs was measured to be -18 mV by Stiernstedt et al. and was used unless other wise stated. Figure S7 : Simulated average attractive van der Waals energy between crossed and parallel CNCs in water, the electrostatic double layer repulsion, and the total (DLVO) interaction energy as a function of nanoparticle separation in solutions with ionic strength of a) 0.5 M and b) 1 M with particle surface potential of -18 mV. 
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